It has been proposed to upgrade the Alternating Gradient Synchrotron (AGS) accelerator complex at the Brookhaven National Laboratory (BNL) to provide an average proton beam power of 1 M W at the energy of 28
INTRODUCTION
The AGS upgrade requires operation of the accelerator at the rate of 2.5 cycles per second, and a new injector capable to follow the operation at 2.5 Hz. The present injector made of the 200-MeV room-temperature Linac and of the 1.5-GeV AGS-Booster will not be able to achieve the goals of the upgrade.
The proposed new injector is a 1.2 GeV SuperConducting Linac (SCL) with an average output beam power of 45 kW. The choice of the energy value is determined in part by the capability to limit beam losses due to stripping of the negative ions that are used for multi-turn injection into the synchrotron, and in part to fit the entire SCL on a straight line between the exit of the 2OL-MeV room-temperature Linac and the injection point selected into the AGS.
The SCL is composed of three pans: (i) a Front-End, that is the present 100-mA negative-ion source, followed by the 0.75-MeV RFQ, (ii) the room-temperature Linac that accelerates protons to 200 MeV, and (iii) the SCL proper. This in turn is made of three sections, each with its own energy range, excitation RF frequency, and different cavity-cryostat arrangement. The three sections are labeled Low-Energy (LE), Medium-Energy (ME), and High-Energy (HE). The beam leaves the present room-temperature Linac at the energy of 200 MeV, and, after a bend of l7.5", enters a straight tunnel, where the SCL proper is located, about 120 meter long, to join the AGS tunnel. A schematic view of the new injector is given in Figure I . The main injector and AGS parameters are given in Table 1 
THE NEW INJECTOR
The project described corresponds to an average SCL beam current of 37.6 pA, that yields the required average beam power of 1 MW at the top energy of 28 GeV, including also a controlled beam loss of about 5% during multi-turn injection into the AGS. Thus, the length of a cryo-module is The choice of cryo-modules with identical geometry, and with the Same cavitylcell configuration, is economical and convenient for construction. But there is, nonetheless, a penalty due to the reduced transit-time-factors when a particle crosses cavity cells, with length adjusted to a common central value bo that does not correspond to the particle instantaneous velocity. To minimize this effect, the SCL is divided in three sections, each designed around a different central value bo, and, therefore, with different cavitylcell configuration. The cell length in a section is fixed to be where A is the RF wavelength. We adopted an operating irequency of 805 MHz for the LE-section of the SCL, and 1,610 MHz for the subsequent two sections, ME and HE
The choice of the large RF frequency in the last two sections has been dictated by the need to achieve as a large accelerating gradient as possible so the SCL would fit entirely within the available space. The major parameters of the three sections of the SCL are given in Tables 2 and 3 . The total expected cost is around I00 M$ for the SCL alone, excluding modifications of the FrontEnd, the room-temperature 200-MeV Linac, and of the transport and injection into the AGS.
Insertion
Cryo-Module Insertion The length of the SCL depends on the average accelerating gradient. The local gradient has a maximum value that is limited by three causes: (1) For a realistic cell shape, we set a limit on the average axial electric field to 15 MVlm at 805 MHz, and 30 MV/m at 1,610 MHz. (2) There is a limit on the peak power provided by rf couplers that we take here not to exceed 400 kW, including a contingency of 50% to avoid saturation effects. (3) To make the longitudinal motion stable, we can only apply an energy gain per cryo-module that is a relatively small fraction of the beam energy in exit. The conditions for stability of motion have been derived in I61.
The number of cells and cavities may vary in principle from section to section, but we have found it convenient here to adopt the same distribution in all sections. There is one klystron feeding a single coupler to a single cavity. The total length of the SCL injector proper from end to end is about 130 meter, including a 4.5-m long matching section between LE and ME sections. When averaged over the real estate, the actual acceleration rate is about 5 MeV/m in the LE section and 10 M e V h in the ME and HE sections. Efficiencies, defined as the ratio of beam power to required total AC power, is relatively high for a pulsed Linac, ranging between 9 and 15%. Table 2 . General Parameters of the SCL A Super-Conducting Linac is most advantageous for a continuous mode of operation (CW). There are two problems in the case of the pulsed-mode of operation. First, the pulsed thermal cycle introduces Lorentz forces that deform the cavity cells out of resonance. This can be controlled with a thick cavity wall strengthened to the outside by supports. The actual design of a cavity cell is described in detail in 171. Second, there is an appreciable period of time to fill the~cavities with RF power before the maximum gradient is reached [61. During the filling time, extra power is dissipated also before the beam is injected into the Linac. The extra amount of power required is the ratio of the filling time to the beam pulse length. The filling times aTe also shown in Table 3 .
TRANSVERSE FOCUSING
The upgrade makes use of the present 200-MeV roomtemperature Linac, with proper power supply modifications for larger pulse width. This Linac provides a negative ion beam with an emittance of 2.0 x mm-mad.
To avoid uncontrolled beam losses that may cause radiation activation. one requifwthat the ratio of inner cavity radius to rms beam size is at least a factor of 6 all over the length of the SCL. This is difficult to achieve in the ME and HE section where the inner apenure is of only 5 cm because of the larger RF frequency. We have thus adopted in these two sections transverse focusing with doublets of quadrupoles, whereas a FODO singlet sequence was found adequate in the LE section. 
CONCLUSION
The proposed SCL for the I-MW AGS upgrade is not much different in size and scope from the equivalent accelerator of the SNS project. Though the average values of beam and RF power are considerably lower, because of the smaller duty cycle, nonetheless peak values are comparable to the SNS SCL, since we use similar pulse width and current.
